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Clostridium difficile toxin A causes pseudomembranous colitis. The pathogenesis of toxin A-induced co-
lonic inflammation includes toxin A-dependent epithelial cell apoptosis, resulting in the loss of barrier
function provided by epithelial cells against luminal pathogens. Toxin A-dependent epithelial cell
apoptosis has been linked to toxin A-induced production of reaction oxygen species and subsequent
P38MAPK activation; p21<"/"*" upregulation-dependent cell cycle arrest; cytoskeletal disaggregation;
and/or the induction of Fas ligand on epithelial cells. However, the molecular mechanisms underlying
toxin A-induced apoptosis remain poorly understood. This study tested whether toxin A could block
the Wnt signaling pathway, which is involved in gut epithelial cell proliferation, differentiation and
antiapoptotic progression. Toxin A treatment of nontransformed human colonocytes (NCM460) rapidly
reduced B-catenin protein, an essential component of the Wnt signaling pathway. Exposure of mouse
ileum to toxin A also significantly reduced B-catenin protein levels. MG132 inhibition of protea-
some-dependent protein degradation resulted in the recovery of toxin A-mediated reduction of B-cat-
enin, indicating that toxin A may activate intracellular processes, such as GSK3, to promote degrada-
tion of B-catenin. Immunoblot analysis showed that toxin A increased active phosphorylation of GSK3
B. Because the Wnt signaling pathway is essential for gut epithelial cell proliferation and anti-apop-
totic processes, our results suggest that toxin A-mediated inhibition of the Wnt signaling pathway
may be required for maximal toxin A-induced apoptosis of gut epithelial cells.
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Fig. 1. C. difficile toxin A induces degradation of B-catenin pro-
tein in human colonocytes. A. NCM460 cells (nontrans-
formed human colonocytes) were incubated with toxin
A (3 nM) for the indicated times. Cell lysates were sub-
jected to 10% polyacrylamide gel electrophoresis, and
blots were probed with antibodies against [3-catenin and
b-actin. The presented results are representative of three
independent experiments. B. NCM460 cells were in-
cubated with DMSO (solvent control), toxin A (Tx, 3
nM), or toxin A plus MG132 (0.1 uM in DMSO) for 3
hr. The level of B-catenin in colonic epithelial cells was
measured by immunoblot analysis. The presented results
are representative of three independent experiments.
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Fig. 2. C. difficile toxin A activates colonocyte GSK3@ promoting
B-catenin degradation. NCM460 cells were incubated
with toxin A (Tx, 3 nM) for the indicated times. Cell
lysates were subjected to 10% polyacrylamide gel electro-
phoresis, and blots were probed with antibodies against
phospho-GSK33 (Thr390) and b-actin. The presented re-
sults are representative of three independent experiments.
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Fig. 3. C. difficile toxin A inhibits the Wnt signaling pathway
in mouse gut epithelial cells. B6 mice were anesthetized,
and ileal loops were prepared and injected with PBS
(con), or toxin A (Tx, 3 nM). After 4 hr, epithelial cells
were collected from the ileal loops by scraping with
glass slides, and the level of B-catenin in ileal epithelial
cells was measured by immunoblot analysis. The pre-
sented results are representative of three independent
experiments (n=8 per group).
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Fig. 4. MG132 restores [-catenin protein production in mouse
gut epithelial cells reduced by treatment with toxin A.
lleal loops were prepared and injected with DMSO
(solvent control), toxin A (Tx, 3 nM), or toxin A plus
MG132 (0.1 uM) for 4 hr. Epithelial cell extracts of the
ileal loops were subjected to 10% polyacrylamide gel
electrophoresis, and the blots was probed with anti-
bodies against 3-catenin and b-actin. The presented re-
sults are representative of three independent experi-
ments (n=8 per group).
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